Cephalopods, especially octopuses, offer a different model for the development of complex cognitive operations. They are phylogenetically distant from the mammals and birds that we normally think of as 'intelligent' and without the pervasive social interactions and long lives that we associate with this capacity. Additionally, they have a distributed nervous system -central brain, peripheral coordination of arm actions and a completely separate skin appearance system based on muscle-controlled chromatophores. Recent research has begun to show how these apparently separate systems are coordinated. Learning and cognition are used toward prey, in antipredator actions and in courtship. These examples show how they attain complex cognition in Emery & Clayton's (2004) categories of flexibility, causal reasoning, imagination and prospection.
Cognition is 'the mechanisms [or operations] by which animals acquire, process, store, and act on information from the environment' [1] . Intelligence (the capacity to do such operations) evolved in animals with a highly centralized nervous system to solve specific social and ecological problems, leading to complex cognitive operations in some birds and mammals [2] . These processes were not expected in Mollusks, although we have learned much about the neural basis of simple learning from studies in Aplysia [3] . Cognition and Intelligence could be seen in four categories of operations: flexibility, causal reasoning, prospection and imagination [2] . Why might coleoid cephalopods, who are solitary and have a much more distributed system of control, need these abilities? They face variability and hostility in the shallow ocean environment [4] , with many predators and diverse prey choices [5] . Competition with the bony fishes [6] may have triggered the evolution of their cognitive abilities, and RNA rather than DNA changes might have enhanced this individual flexibility [7] . Cephalopod behavior is controlled in three somewhat separate domains -brain decision making, arms manipulation, and chromatophore skin appearance. Until recently, these systems were seen as separate and command from the brain as open loop (not using feedback during their execution) in many cases [8] .
How might coleoid cephalopods show intelligence? First, they have a relatively large brain, as their brain-body ratio is higher than that of many vertebrates [6] , though see [9] for the operations that can be carried out with small insect brains. They may have consciousness [10] , although the extent to which octopuses monitor their output systems is debated. The control system of the arms, with up to 3/5 of the neurons, is somewhat separate from the brain, but new information shows that feedback from the arms is also available to it [11] , and the brain can also use feedback from the skin appearance system [12] (Figure 1 ). All of these systems are united in actions such as the sequential decisions responding to the presence of predators [5], discussed later.
Brain and cognition
Can different brain structures support comparable cognitive capacity? Avian and mammalian systems are relatively similar in their neural substrate of consciousness [13] and parallel cognitive abilities [2] . Cephalopods might have the cognitive decisions associated with pain perception [14 ] , but the specific brain areas controlling such evaluation are not known. They have lens eyes, a bilateral brain organization, and half a billion neurons [6] . The cephalopod brain has an optic lobe for visual analysis and around 40 interconnected lobes [15] . It is not somatotopically organized like the mammalian brain [15] ; it may use embodied organization [16] , with interaction of sensory and mechanical systems with the neural controller. Both the dorsal chain of ganglia in each arm and the extensive brachial plexus linking the arms may partly substitute for hierarchical descending control [17] of the arm muscles in the complex muscular hydrostat movement system, as an autotomized (discarded) arm moves and behaves normally.
There is a quantitative representation of learned material in brain areas, tested in Octopus by optic lobe ablation [8] . The monocular octopus remembers a comparison better if it is tested on the same side as it is presented, but memory storage could transfer to the other half of the brain by the 
